Typeset using REVT E X 1
Extensive attention has been lavished on the overscreened multichannel Kondo model after the discover of its non-fermi liquid behavior by Noziéres and Blandin (NB) [1] . NB also pointed out that lattice effects in real metals will cause the anisotropy between the two flavor channels and that in the low temperature limit, the impurity is totally screened by the strong coupling channel with the weak coupling channel unaffected. Using Numerical Renormalization Group (NRG), Ref. [2] confirmed NB's conjecture. Using Conformal Field Theory (CFT), Ref. [3] found a relevant dimension 1/2 operator in the flavor sector near the 2 channel Kondo (2CK) fixed point and suggested the system flows to the fixed point pointed out by NB. Using Yuval-Anderson's approach, Ref. [4] found a solvable line and calculated the exact crossover free energy function from the 2CK fixed point to the fermi liquid fixed point along this solvable line.
However, recently, Andrei and Jerez [5] , using Bethe Ansatz, Coleman and Schofield [6] , using strong coupling method, reinvestigated the flavor anisotropic two channel Kondo model. They claimed the system flows to another kind of non-Fermi liquid fixed point which, similar to 1-dim Luttinger liquid, has the same thermodynamics as fermi liquid but different excitation spectrum.
It is important to point out that the charge degrees of freedom of the original model being removed, the compactified model in Ref. [6] cannot be used to investigate the electron transport properties, correlation functions and excitation spectrums, although it can be used to calculate the thermodynamic quantities. It is well known that Bethe Ansatz cannot provide the above information either. As emphasized by Affleck and Ludwig (AL) [12] , although the boundary interactions only happen in the spin sector; the spin, flavor and charge degree of freedoms are not totally decoupled, there is a constraint( or gluing condition) to describe precisely how these degree of freedoms are combined at different boundary fixed points, the finite size spectrum is determined by this gluing condition. The boundary operator contents and the scaling dimensions of all the boundary operators are also given by the gluing condition. For 4 pieces of bulk fermions, the non-interacting theory possesses SO(8) symmetry, Maldacena and Ludwig (MS) [7] showed that finding the gluing conditions at the fixed points are exactly equivalent to finding the boundary conditions of the fermions at the fixed points, the boundary conditions turned out to be linear in the basis which separates charge, spin and flavor, this basis is related to the original fermion basis by the triality transformation Eq.4 [8] . The linear boundary conditions can also be transformed into the boundary conditions in the original fermion basis by the triality transformation. The boundary conditions in the original fermion basis only fall into two classes, class A: non-fermi liquid fixed points where the original fermions are scattered into spinors; class B: fermi liquid fixed points where the original fermions only suffer phase shifts at the boundary. In Ref. [15] , the author showed that it is straightforward to find the linear boundary conditions in the basis which separate the spin, charge and flavor by the Renomalization Group (RG) analysis of Emery-Kivelson's solution of the 2CK. In this paper, we apply the same method to study the two channel flavor anisotropic Kondo model. Taking all the degrees of freedom into account, we explicitly identify all the possible fixed points, their boundary conditions and their leading irrelevant operators, the conventional wisdom is rigorously shown to be correct.
The Hamiltonian of the flavor anisotropic 2-channel Kondo model is:
where
are the spin currents of the channel i = 1, 2 conduction electrons respectively. α a are the anisotropy parameters (
correspond to the 2CK and the one channel Kondo model respectively. It is easy to see at least one channel is coupled to the impurity spin antiferromagnetically in the above model.
have two independent U(1) charge symmetries in the channel 1 and the channel 2 ).
In this paper, for simplicity, we take λ
The symmetry in the spin sector is reduced to U(1)×Z 2 ∼ O(2) [9] . In the following, we closely follow the notations of Emery-Kivelson [10] . Abelian-bosonizing the four bulk Dirac fermions separately:
Where Φ iα (x) are the real chiral bosons satisfying the commutation relations
It is convenient to introduce the following charge, spin, flavor, spin-flavor bosons:
The spin currents
can be expressed in terms of the above chiral bosons
∂Φ s ∂x
After making the canonical transformation U = exp[iS z Φ s (0)] and the following fermion-
The transformed Hamiltonian H ′ = UHU −1 = H sf + H s + δH can be written in terms of the Majorana fermions as:
where λ
It is instructive to compare the above equation with Eq.3 in Ref. [15] . They look very similar: half of the impurity spin coupled to half of the spin-flavor electrons, another half of the impurity spin coupled to another half of the spin-flavor electrons. However the two canonical transformations employed in the two models are different. This fact make the boundary conditions of this model rather different from that of 2CSFK discussed in Ref.
[15].
The above Hamiltonian was first derived by Ref. [4] using Anderson-Yuval's approach.
They found the solvable line λ z = 2πv F , α By using the Operator Product Expansion of the various operators in Eq.7 [13] , we get the RG flow equations near the weak coupling fixed point λ z = 2πv
The fact that we find two relevant operators in the above equations may indicate there are two intermediate coupling fixed points. However, in the following, the two intermediate coupling fixed points are shown to be the same.
In order to identify the fixed points along the solvable line λ ′ z = 0, α ′ z = 0 (we also set h = 0), we write H sf in the action form
When performing the RG analysis of the action S, we keep [14] 1: γ 1 = 1, λ fixed, 2:
λ, α ′ fixed; three fixed points of Eq.7 can be identified 
Because the canonical transformation U is a boundary condition changing operator [11] , this leads to
This is just the non-fermi liquid fixed point of the 2CK. The ground state degeneracy 
The impurity spin-spin correlation function S z (τ )S z (0) ∼ 1/τ . Using totally independent method, ML [7] also got the above boundary conditions, they showed that Eqs. 10, 11 imply that the original fermions scatter into the collective excitations which fit into the spinor representation of SO (8), therefore resolved " Unitarity Puzzle".
The 2CK fixed point is unstable, because there is a dimension 1/2 relevant operator ab sf which was predicted by CFT [3] . λ is easy to see that even initialy α ′ = 0, it will be generated, α ′ z is 'dangerously' irrelevant.
Fixed point 2:
This fixed point is located at γ 1 = 0, γ 2 = 1 where b decouples, but a loses its kinetic energy and becomes a Grassmann Lagrangian multiplier. Integrating a out leads to the following boundary conditions:
Eq.11 still holds. This fixed point also possesses the symmetry O(3) ×O(5) with g = √ 2.
In fixed points 1 and 2, a and b, a sf and b sf exchange roles.
As discussed in the fixed point 1, α ′ z is 'dangerously' irrelevant. In order to make this fixed point stable, we have to tune λ = α 
Eqs.11, 14 can be expressed in term of bosons:
Substituting the above equation to Eqs. 2 4, it is easy to see that depending on the sign of α, one of the two channels suffer This is the only stable fixed point. The local correlation functions at this fixed point are
From the above equation, we get the typical one channel impurity spin-spin correlation
We can read the scaling dimensions of the various fields: We can also analysis the stable fixed point from CFT. Without losing generality, supposing at this fixed point, the impurity is totally absorbed by the channel 1 conduction electrons J 1 (x) = J 1 (x) + 2πδ(x) S. Slightly away the fixed point, the channel 2 conduction electrons also couple to the impurity. It has been shown by the author there is only one
At the fixed point S ∼ J 1 (0)+· · ·, it is easy to show that the following 4 leading irrelevant operators with dimension 2 will be generated [17]
The first order perturbations in the leading irrelevant operators yield the typical fermi liquid behaviors:
) which is non-universal.
The free channel dominates the low temperature conductivity, so ρ(T ) ∼ T 2 [18] .
In this paper, we discuss the fixed points with the symmetry O(4) × O(4) and the fixed point of the 2CK with the symmetry O(3) × O(5). The fixed point of the two impurity, one channel Kondo model (2IK) possesses O(7) × O(1) [7, 19, 20] . Ref. [20] mapped the fixed point Hamiltonian of the 2IK to that of the 2CK. Here we would like to point out that the important difference is that different canonical transformations are employed in the two models. In the 2CK, the impurity spin S z = 1/2, U = e iS z Φs(0) is a boundary condition changing operator which leads to Eq. 11. However, in the 2IK, the impurity spin S 
